Proposed Functinal Deseription for Phased Arrays

v Deborah dackson
Jet Propulsion Tsho atory: Califorma Institute of T'echnology
Posi ona, CA Q0004
BI85 187 BIR 3036875 TAX
Diebho ab ) feckson @ plaasa pov

Generally speaking many photome cienecers, while working in a systems development
mode, still focus on presenting the vniaoe phys cal details of the optical elements, instead of
using functional representation to deserib s the systeo. 'The purpose of this presentation 1s 1o
inttoduce symbols that can be uscd to ey caent the functional mtent of most of the phased array
ar chitectur es described in
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Figure 1. Proposcd {functioatireresentitions for Phased Array Antenna
architecture concepts: (a) Modilo 25 Phose shifting, (b) Trae-"Tnne Delay Phase Shifting, (c)
Passive fanning, ((1) Folding. ani (o MiE N and DEMUXN epresentations, respectively.
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the hiterature. 1t is anticipated that v will (1) s mplity comparisons among different designs and
(2) aid analysts in optimizing system peyionuanee. The examples used in this paper are taken
from Patent's 1eview paper "A Suivey of Opte sl Beamfonming, Technigues” 1

The basic function of a phascd are y i cnna is to take a signal input, s(0), fan it out to an
NxM array of sadiating cleinents, and inboduc: a spatially dependent phase variation at cach
clement of the array. A single symbol ca he vaed to sepresent the fsnming action as shown in
Figure 1. There are two basic mcthods ciaployed to introduce the spatially dependent phase
variation that causes the far ficld steeving of - radiated beane

* Modulo 21 phase shifls

* I''ue T'ime delay
The method of introducing the phase vatmec wrepresented inside of the fanning symbol by
cither AG or At respectively, as depreted nobi-are 1y and (b). 1o addition, some architectures
call for passively fanning the signal (o N oAb ibation points with the same phase. In this case,
nothing ts denoted inside of the fenmune yyimbal (Feuie | (0)) .

Using these symbols, the classcat RE poased aray distnibution systein would be
represented as shown in Figare 2
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Figuve 20 AL B Phosed Anray Antenna

In another example, the clossical Nach Zehndes Beam former sepresented in Figure 3(a)
can be expressed in functional teims @ s own i Figure 3(b).

To distinguish between the opticsl and the electrome portions of the architecture, an O-E
interface is denoted by a vertical dushed e with optical symbols on the left and the RV or
clectronic symbols on the right. ‘The flew of thoynput signal goces from left to right, except when
crossing from the clectronic to the opticst side of the interface, i which case the order of flow is
top to bottom. In addition, when the funct onal naplementation 1s optical rather than electronic, it
is always enclosed in a box.

It should be noted that the vernea) da-he e implies the presence of laser sources,
modulators, and detectors at the inter face withar expheitdy depicting themn in the figure. Rather,
since it is conventional to speak of the RE eptical-RE Toss of a single optical link in terms of the
net pain, G, we introduce a gaine por clemont ternn, Gy gy for the Toop from the distributed RE

s(1)

signal input,
/o

, to the output st ¢ocha hating clement. Becasuse these gain tenms are

determined by the efficiency of the Laser <vrecs modnlators, aud photo receivers at the




interface, some of the important physical prop rdes of the interface havdware will be embodied
by this gain term.,
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Figare 3. (8) Schematic of MachZchnda Beoa formerand (b) a functional representation of the
Mac i ZChndetbeara former.

Other important design paratncters sonch as the bandwidth, the noise figure, the Rl-optical-
RI link dynamic range, the uniformity o' porformance across the array, the mass and power
consumption per fanning string, and the iy string: to- fanning string isolation, might be
included in the diagram as necded. Note that v fammw string 1s defied as the sequence of
operations or functions that occur aficr the fanrang function. 1 one iimplements a IxXN fanning
operation, any hardware that is needed to porform any successive operations must be replicated
N ties in order to build the full aray




In some of the true time delay appioachios, only one of N fanned pathways are selected to
define a given time delay. This is siniply reprosented by the minor image of the fanning symbol
(sce Figure 1 (d)). Clearly when a foldine operation occurs, in the hardware string, hardware
replication only occurs between the fanume cad folding symbols.

Vor example, the Hughes designi @ hyb id optical/electionic time delay steering,
approach. As depicted in Figure A (heRTmpatsignalis passively fanned to 32 outputs be.fore
crossing the. Li- O interface. The signals ac then optically fanned overa 32-bit time delay
variation. At cach of the 32 outputs, asingted Jay pathis sclected. 1 hisistepresented by folding
the optical fan down to one sclec ted timcd e bit, The fact that the selected output appears on
the electr onic side of the inter face imphc, thatthe conversion process atthe O tol interface is
used in sclecting the sign al path thatis {c. 1o tie output. Then the output is further fanned via
microwave lime delays to yield cithera ©6s 1 32x3 clementhybiid beam former.
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Figure 4. Functional Represent tion of the Hughes Hybnd Optical-Electionic
Phased Ay Concept (Reference 7).

When the outputs of alloptical pattwaysare folded together, thisis commonly known as
MUXing and is denoted in Yigure 1 (C) by the absence of @ selected outputsignal path, n. 1f

needed, one can denote the method used to setreve the MUXing by introducing at, o, or C to
represent time-division, frequency-divisicn, it code-division MUXing, respectively. When the
passive fanning symbol appears altes the MUX symbol, it is interpreted as a DEMUX operation.
The Westinghouse compressed hybnd phosed @ray antenna concept depicted in Figure 5 nicely
illustrates this. Here the optical MUXing i~ vuse i 1o teduce the momber of time delay
subcomponent modules required o constroct the full antenna arvay. It works by taking advantage
of the fact that the relative amount of tune delayv aong, adjacent apertuies is repeated throughout
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the antenna. By identifying a subsct of sip e {1 through N) that define the repeating relative




time delays, and clectronically fanning 10 «et the basic pattern. Then optical time delays are
introduced to sct the proper absolute tins deleys across the full array.

Becausce of the large number of wedividusl antenna apes twes 1equin ed in some phased array
applications, design concepts such ss this that teduce the number of time delay modules and
other subcomponents relative to thenmnberohiadiating aperatures will be heavily explored. 1t is
felt thatsymbolic functional iepnesentations vill be a very useful aidin the.sc. types of
investigations.
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Figure 5. Westinghouse Compressed Hy by idPhased Array Antenna concept (Reference 3).

In conclusion, a symbolic formatis i has been imtoduced that can be used to provide a
functional description of many of the phased @ ay architectures i the literature. This descriptive
nomenclature facilitates the comparison of different phased array antenna designs by quickly
identifying the basic functional subcompenents used in building the phased array, separating out
the optical versus RE portions of thic airay sipnab distiibution systein, yiclding an immediate
indication of the size of the anterna, indic ating the method of phase shifting, and giving an
indication of how many times cach fannivg <tiisge must be repeated to construct the fill antenna.
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